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Abstract

The DUV-FEL facility has been in operation in High Gain Harmonic Generation (HGHG) mode for one year producing
266 nm output from 177 MeV electrons. In this paper we present preliminary results of the Chirped Pulse Amplification
(CPA) of HGHG radiation. In the normal HGHG process, a 1 ps electron beam is seeded by chirped 9 ps long 800 nm
Ti:Sapphire laser. The electron beam sees only a narrow fraction of the seed laser bandwidth. However, in the CPA case the
seed laser pulse length is reduced to 1 ps, and the electron beam sees the full bandwidth. We introduce an energy chirp on
electron beam to match the chirp of the seed pulse, enabling the resonant condition for the whole beam. We present
measurements of the spectrum bandwidth for various chirp conditions.
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1. Introduction ps or less; however, it is not trivial to compreéiss
beams down to femtosecond level. By producing a
frequency chirp along the pulse, we can use
Zonventional laser pulse compression to shorten the
ulse duration down to the femtosecond level [1].

e accelerator consists of a Ti:Sapphire laser

There is great interest in producing lasers with
pulse length in femtosecond region. In general, t
serve FELs the photo-cathode electron guns produ
4-5 ps beams. These beams can be compressed to
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Fig.1: The NSLS DUV-FEL layout: 1-gun and seed lasgestem, 2-RF gun, 3-linac tanks, 4-focusing étgl 5-magnetic chicane, 6-
spectrometer dipoles, 7-seed laser mirror, 8-madyl@-dispersive section, 10-radiator (NISUS),deEBm dumps, 12-FEL measurement
area.

system, a 1.6 cell RF photo-cathode gun, 4 SLACam) (Fig. 2) and output is transversely and
type linac tanks and a 4-dipole chicane (Fig 1). Atemporally Fourier-Transform limited [2]. The third
photo-cathode RF gun is illuminated by the tripledharmonic at 88 nm accompanied by 266 nm
Ti:Sapphire laser at 266 nm producing 300 pCfundamental is being used in a novel Chemistry
charge, 4-5 ps FWHM bunch length, and a 4.5 Me\experiment since January 2003 [3].

energy electron beam with normalized emittance of

4-5 mm-mrad. The first two linac tanks accelerate

the electron bunch with the second tank off-crgst b
23°to introduce an energy chirp. A 4-dipole chicane
compresses the bunch to about 1 ps FWHM.

2. Experimental Procedure for CPA

In this experiment the seed laser pulse length is
adjusted to 1 ps FWHM, which is chosen to be same

1r 7 as electron bunch length. The proper delay is
= ~ SASEx10° introduced to the seed laser pulse to establish
2 osl — HGHG 4 synchronization with the electron beam. This way th
L electron bunch sees the full bandwidth of the seed
g laser. However, the usual 1% bandwidth of the seed
£ 0.6 ) laser is not supported by the FEL process. The
> resonant condition for the an FEL is
S 0.4f . A .
2 A= (14 KP2) L
0.2 In order to satisfy the resonant condition along th
. . bunch we need to introduce an energy chirp so that

every slice within the electron bunch would be
resonant. The Egn 1 vyields relation between
wavelength chirp of the seed laser and energy chirp
of the electron as
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Fig. 2 The spectrum of HGHG (black) at normal ofirta
conditions (no electron energy chirp and long spatse) and AV — _A?\. 2
SASE spectrum (grey) v - o0 (@)

Thus we need to introduce an energy chirp that is

During the past year HGHG-FEL reachedgqya) to the half of the laser wavelength chirpe Th
saturation at 266 nm with the seed at 800 nm. Thgnergy of the electron beam after linac tanks is

typical output energy is about 19J with 1 ps pulse _
length. Energy fluctuation is measured to be about E=En+ 34005@2) + 52COS%)
%, which is mostly due to the machine performance. + A4 COS@,) (3)

The spectrum is measured to be very narrow (0'2€K/here each term represents the energy gain at each



linac tank, the angles are the tank phases measursded laser wavelength chirp slope. Fig. 4 shows the
with respect to the crest of the RF. The phaséef t spectra for different chirps. Note that the smoets
tank2 is set to —22 to -26by the compression of the chirped spectra indicates that the electron
requirements. Tank 3 is operated on crest and 4ank density profile is smooth.

is varied to produce different energy chirps altimg 1

beam. The amplitude of the tank4 is adjusted sb tha = hiro = 0.41 %
total energy is the resonant energy for HGHG-FEL. & (B:W'rfagé o
The energy chirp can be expressed from Eqgn. 3 as % e
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where & is the RF frequencyAtunmmp 15ps and
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At [J1psare uncompressed and compressed Wavelength (nm)

comp
electron bunch lengths respectively. Fig. 3 shows
FWHM percentage energy chirp as a function ofFig- 4-a Spectrum of CPA-HGHG for a chirp of 0.41 %
tank4 phase angle. We observe a good agreement

between the measurement and the calculation. We 1

measure spectrum of the HGHG output at each -
electron energy chirp condition. g Chirp = 0.58 %
> Bw=1.40 nm
0.75 §
0.7} e
® £ 05
__ 065} 5
S 06} =
< £
<>]' 0.55¢ g
0.5} 0
0.45t [ ] 263 264 265 266 267 268 269
0.4 Wavelength (nm)

s 0 5 1'0 1'5 2'0 o5 Fig. 4-b Spectrum of CPA-HGHG for a chirp of 0.58 %
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Fig. 3. FWHM energy chirp of electron beam as fiorcof tank4 1

phase. Blue curve is calculation and red dots @&sorement. = o
3 Chirp = 0.68 %
g Bw =1.00:nm
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3. Spectrum Measurements 3
N
g

We scan the tank4 phase from°2% -2 and =
measure the spectrum at each case. This way chirp <

. . . 0 n L n L
per picosecond slope is varied and we expect te hav 563 264 265 266 267 268 269

widest bandwidth when the chirp slope is half a& th Wavelength (nm)



Fig. 4-c Spectrum of CPA-HGHG for a chirp of 0.68 % chirp conditions and chose the ones with high dutpu
Currently we are planning a method, which would
reduce this jitter by illuminating the cathode with

We plot bandwidth as a function of chirp in Fig. 5.
P P g HGHG output at 266 nm. This would reduce the jitter

1.5 by the compression ratio, which is about 4-5 times.
T 14l o . o | We are in the process of building a compressor to
£ o - shorten the CPA-HGHG output and a SPIDER to
< ) g analyse the output in more detail.
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m e 4. Conclusion
s 1.1¢ R - 1
I g
E 1} o ° | First steps toward the Chirped Pulse Amplification
HGHG-FEL have been taken. Spectrum widening has
0.9+ been observed when the electron beam is properly
0.4 0.5 o 0.6 chirped. The results are encouraging for the future
Ayly (%) .
' ) . compression out the CPA-HGHG output. to produce
Fig. 5 HGHG bandwidth vs. percent energy chirphef &lectron . . .
beam pulses with pulse length in femtosecond region.

We see a clear peak in Fig.5 showing that when the
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